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ABSTRACT 
 
  Stormwater runoff occurs when precipitation flows over the ground. 
Increase in impervious land cover due to urbanization causes excess stormwater runoff 
and affects the quantity and quality of water bodies. The use of Low Impact Development 
(LID) controls is highly recommended to reduce the excess volume of stormwater runoff. 
LID controls include infiltration techniques such as pervious pavements, evaporation, and 
storage techniques to reduce the volume of runoff.  
In this study, an analysis is done for the performance of pervious concrete pavement 
located at the University of Mississippi Law School parking area.  The Law School was 
constructed in 2010 and is adjacent to a privately owned recreational pond. Prior to the 
construction of the Law School, runoff from the area, which contained student housing and 
parking lots, contributed excessive water and sediments to the pond. The university then 
constructed pervious concrete pavement to reduce the runoff. However, there is a high 
volume of runoff from the Law School area going to the pond, which leads to the hypothesis 
that the pervious concrete parking lot is not performing as planned. Multiple in-place 
infiltration rate tests, using the ASTM C1701/C1701M-09 standard test method, were 
conducted at different locations to evaluate the effectiveness of the pervious pavement. The 
area was then modeled using the EPA Stormwater Management Modeling Tool (SWMM) to 
quantify the volume of runoff that can be expected from different intensity storms with 
various pervious concrete pavement area coverages and infiltration rates.  
 iii
Based on the infiltration rate test results the average infiltration rate of the 
impervious pavement is 45 mm/hr, which is less than the desired rate. The modeling 
results show pervious concrete is 25% more effective for a low intensity, long duration 
storm (178-mm in 24-hr) than for a high intensity, short duration storm (209-mm in 4-hr). 
21% to 45% volume of runoff can be reduced by increasing the area of pervious concrete 
pavement coverage by 30%. However, the same volume of runoff cam be reduced by 
maintaining the desired infiltration of pervious concrete pavement.   
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1 INTRODUCTION  
Precipitation falls in an urban watershed on pervious or impervious surfaces. Due to 
urbanization, most urban areas are partially covered by impervious surfaces. The increase 
in impervious surfaces causes increases in runoff quantity and peak flow through drainage 
systems, both of which result in erosion of embankments and other environmental issues. 
The runoff from these impervious surfaces, such as streets, roads, highways, parking areas, 
and buildings is also the main source of inorganic and organic pollutants (Lee et al. 2013). 
These pollutants have negative effects on the water quality of receiving water bodies.  
In the past, engineers’ and urban planners’ perspectives about a solution for this 
problem was to expand and upgrade the existing storm drainage system. This has been an 
unsustainable and costly practice, and it only solved problems of runoff quantity, but not 
quality. Recently, engineers and urban planners have been focused on urban stormwater 
runoff quantity reduction and quality improvement methods. Many new, economical and 
feasible stormwater management practices have been developed to solve these urban 
stormwater runoff problems; they are also called stormwater Best Management Practices 
(BMP) (Qin et al. 2013; Nix 1994).   
Best Management Practices (BMPs) are techniques used to improve the quality and 
manage the quantity of stormwater runoff. The goal of BMPs is to reduce or eliminate the 
contaminants collected by stormwater as it moves into water bodies (U.S EPA 2000). Low 
Impact Development (LID) is one of the stormwater BMPs which includes reducing 
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impervious surfaces, providing infiltration, and reusing the stormwater on development 
sites (Qin et al. 2013).  Pervious pavements are a type of LID control using an infiltration 
method, and they are widely used on parking areas and sidewalks. Pervious pavements are 
an attractive alternative to traditional concrete and asphalt pavements because it has a lot 
of environmental benefits. Recent studies showed that use of pervious pavements on 
parking areas is increasing with positive results on runoff reduction and water quality 
improvement (Radlinska et al. 2012). However, after some years of use the pavements will 
not handle the runoff well due to clogging. Then the water quality and quantity problem of 
the receiving water body will resume again. Infiltration rate tests can be used to assess the 
performance of pervious pavements and also to suggest the need of maintenance (Brown 
2012).  
A number of studies have been conducted on the properties and performance of 
pervious concrete, using field measurements and laboratory testing (Alam et al. 2012; 
Kovler and Roussel 2011; Denison Jr. 2012; Chopra 2011). At present, no published article 
is available to show the effectiveness of pervious concrete under different storms and 
infiltration rates using a combination of in-place infiltration rate measurements and SWMM 
modeling. There is also no comparison on the effect of area coverage and infiltration rate of 
pervious concrete on the volume of runoff.  This comparison can help planners and 
engineers during designing and planning land developments with pervious concrete. It is 
important to compare the effects of pervious concrete pavement based on different area 
coverages, infiltration rates, and storm types, which also affect the cost and design of the 
development (construction).   
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In this study, the effectiveness of the pervious concrete pavement parking area, 
which is located at the University of Mississippi Law School, is analyzed. This parking area 
is the first pervious concrete pavement installed on campus to reduce the quantity and 
improve the quality of runoff from the area. This research focused only on the downstream 
part of the Law School parking area, which covers 6,475 m2.  The analysis was performed 
by conducting field infiltration rate tests on the pervious concrete pavement and using the 
field results in computer modeling. The U.S. EPA Stormwater Management Modeling Tool 
(SWMM) was used to evaluate the performance of the pervious concrete pavement by 
simulating the volume of runoff that can be created from the parking area under different 
storms and infiltration rates.   
1.1 Project Objectives 
The main objectives of this work are to evaluate the performance of pervious concrete 
pavement, to determine whether it is functioning properly or not, and model the study 
area to quantify the volume of runoff that can be reduced by pervious concrete 
pavement from the study area.   
These objectives were accomplished by: 
• Measuring the infiltration rate of pervious concrete pavement at different 
locations using an ASTM standard method.  
• Modeling the study area with SWMM for three storms (76-mm/1-hr (3-in/1-
hr), 178-mm/24-hr (7-in/24-hr), and 209-mm/4-hr (8.2-in/4-hr)), three 
infiltration rates (45 mm/hr, 12,800 mm/hr, and 25,600 mm/hr), and five 
pervious concrete area coverages, to identify the effect of each input on the 
volume of runoff that is generated from the area.  
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• Comparing the results from different modeling scenarios and making 
conclusions. 
• Informing interested parties, for instance the University of Mississippi 
Department of Facilities Planning office, on the performance of the pervious 
concrete pavements in the campus.   
• Recommending additional measures.  
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2 BACKGROUND 
2.1 Stormwater Runoff Problems 
Precipitation or snowmelt that the leaves impervious surfaces, such as rooftops, 
parking lots, and roads, and drains into natural waterbodies, such as streams, river, lakes, 
or the ocean or into manmade drainage ways is called stormwater runoff. On its path the 
runoff collects and transports many pathogens and pollutants into receiving water bodies. 
These pollutants include: oil, grease, and toxic chemicals from motor vehicles; pesticides 
and nutrients from agriculture fields; debris from households; chemicals from industrial 
areas; and viruses, bacteria, and nutrients from pet waste and failing septic systems. 
Polluted runoff can affect the quality of the receiving water bodies and also has negative 
effects on plants and aquatic life. Moreover, excess runoff can cause damage to streams, 
erosion to stream banks, flooding, sedimentation, and infrastructure damage (EPA 2012). 
Impervious surfaces increase runoff and also reduce the volume of water that would 
penetrate into the ground. Impervious surfaces reduce groundwater recharge. Increases in 
impervious areas as a result of urbanization worsen these problems. When the impervious 
surfaces increase, the volume of runoff increases, which also means that the amount of 
pollutant washed by the runoff increases. To reduce the effect of urban runoff a variety of 
stormwater management practices were introduced. These practices include best 
management practices (BMPs) or low impact development (LID) controls.  
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2.2 Low Impact Development Controls 
Low Impact Development (LID) controls are an alternative method for managing 
stormwater runoff that controls the runoff at the source, using decentralized designs (EPA 
2014). LID uses storage, infiltration, and evaporation methods to reduce the volume and 
improve the quality of stormwater runoff.  Bio-retention cells, green roofs, vegetated 
swales, rain barrels, and permeable pavements are some of the types of LID control 
methods. Bio-retention is a depressed area that contains a sand bed to store stormwater 
runoff. Green roof is a roof top covered with vegetation and soil layer to absorb rain water. 
Permeable pavements are designed to infiltrate stormwater runoff through their pore 
spaces.   
 The use of LID controls has economic and environmental advantages including: less 
expense than traditional stormwater control methods and groundwater recharge. The 
main goals of this practice are to increase groundwater recharge, maintain or sustain the 
natural hydrologic cycle, decrease runoff, and improve stormwater runoff water quality 
(Qin et al. 2013; EPA 1999) .  A study by bedan and Clausen (2009) investigated the effects 
of LID on stormwater quality and quantity. The study also compared the quantity and 
quality of stormwater runoff from a watershed with LID control and from a traditional 
watershed in post development conditions.  After measuring the stormwater runoff flow 
and sampling for water quality parameters, the study reported that runoff flow and mass of 
pollutant from the LID watershed were much lower than the traditional watershed. The 
runoff was decreased by 42% from the predevelopment condition.  Based on this study, 
using LID during the design of development can improve stormwater runoff quality and 
reduce its quantity compared to the traditional design (Bedan and Clausen 2009).  
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Other studies conducted on the general performance of LID controls conclude that: 
(1) bio-retention cells are more effective to retain runoff and to reduce pollutants’ 
concentration; (2) green roofs are highly effective to retain a rainfall up to 63%; and (3) 
pervious pavements are found to be extremely effective in infiltrating stormwater runoff 
(Dietz 2007; Qin et al. 2013). There are different types of permeable pavements, which 
include interlocked concrete block pavements (grids), plastic grids, pervious asphalt, and 
pervious concrete (see Figure 2.1). This thesis will focus on the use of pervious concrete as 
a stormwater management tool.  
 
 
  Figure 2.1: Types of Permeable Pavements (Watershed Management Division 
2013) 
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2.3 Pervious Concrete  
Pervious concrete is a mixture of small size aggregate, with an average diameter of 
3/8" to 1/2", cement, admixtures, and water. Pervious concrete has high porosity, which 
allows water to percolate through it and into the sub-base and recharges the groundwater 
(Lee et al. 2013). Pervious concrete pavement is not only a pavement; it has environmental, 
economic, and structural benefits. It is one of the highly recommended stormwater Best 
Management Practice tools by the U.S. Environmental Protection Agency (EPA) to meet 
storm water regulations. It provides many hydraulic benefits including first-flush pollutant 
reduction, stormwater runoff reduction, and support of green and sustainable growth (EPA 
1999). Pervious concrete is an ideal option in densely urbanized areas because it reduces 
the need of retention facilities through allowing the area for additional land uses (parking 
and walkways).  
Compared to traditional concrete, pervious concrete has high void content of 15% to 
35%. The void content of pervious concrete determines its compressive strength, which 
relates to its mix ratio (Obla 2007). Usually, pervious concrete does not contain sand but 
sometimes a small amount of sand can be used to improve its compressive strength. Also, 
using smaller aggregate improves the strength of a pervious concrete (Yang and Jiang 
2003). Compressive strength and void ratio are challenging factors when designing 
pervious concrete. When the void ratio increases, the compressive strength decreases. In 
order to obtain the required average compressive strength of previous concrete, which is 
3,000 psi (Obla 2007) and penetration rate of 4000 cm/hr (Bean et al. 2004) the mix 
proportion should be done carefully. Meeting the required void ratio should be the first 
goal when designing the mix of pervious concrete (Denison Jr. 2012; Lee et al. 2013).  
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Porosity is the main indicator of permeability of pervious concrete pavement. In 
addition to the mix ratio, the distribution of porosity in pervious pavement can be affected 
by the compaction method that used during installation (Martin et al. 2014). A study 
conducted on long-term field performance of pervious concrete pavement at the University 
of Villanova, analyzed the performance and durability of pervious concrete pavement after 
eight years of use. The study reported that the overall performance of the pavement 
decreased and eventually became completely sealed. Based on this study, factors such as 
inadequate installation, material inconsistency, and environmental effects can cause 
significant decline of the performance of pervious concrete pavements. Improper 
construction methods change the desired void distribution and reduce the infiltration rate 
of the section which gradually makes the pavement impervious (Radlinska et al. 2012). 
Using low compaction pressure during installation can produce pervious concrete with 
good water penetration quality (Yang and Jiang 2003). Furthermore, the surrounding area 
also affects the performance of the pavement. If the land use or activities from neighboring 
areas produce high contaminated runoff, such as, from construction sites, vehicle service 
and maintenance areas, fueling stations, and public nurseries, the pavement will be highly 
exposed to sedimentation and pollutant. Therefore pervious concrete is not recommended 
for these kinds of areas (American Concrete Pavement Association 2006).   
The use of pervious pavement is increasing because of its efficiency in reduction of 
stormwater surface runoff and pollutants (Bean et al. 2004). Stormwater runoff from 
parking areas contains significant concentration of metals and motor oil. Studies show that 
pervious concrete pavement is highly effective with the reduction of stormwater runoff 
pollutant concentration through filtration.  For instance, a study conducted a laboratory 
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test on the water purification of pervious concrete reported that the concentration of salt in 
seawater solution reduced from 3.6% to 0.1% after the seawater passed through pervious 
concrete pavement. Also, the pavement increases the PH value of from 2.0 to 6.93, and 
reduces the oil content to 1% (Lee et al. 2013).  Another study analyzed stormwater runoff 
water samples for the concentrations of Lead (Pb), Copper (Cu), and Zink (Zn). Water 
infiltrated through pervious pavement showed low concentration of these metals. 
Therefore, the risk of contaminating the groundwater with these metals is very low in the 
existence of pervious pavement. The infiltrated water also showed low chemical oxygen 
demand (COD) value, which shows low concentration of organic materials (Dempsey and 
Swisher 2003).  
To keep the performance of pervious pavements, maintaining its infiltration rate is 
the important issue. Very small particles can be stacked in the void spaces of pervious 
pavement and clog it. Clogging is the major problem for the decline in the infiltration rates 
of pervious pavements. Effect of clogging was studied by the U.S. Environmental Protection 
Agency (EPA) with the construction of a parking lot covered with different type of 
permeable surfaces including pervious concrete surface. Then, continuous infiltration rate 
tests were done for three years, starting from the construction. For the first five months, 
the pavement infiltration rate was found relatively as its original performance. After five 
months, the infiltration rates of each pavement decreased from month to month. After 
three years, the sites were found clogged, and the infiltration rate was reduced by more 
than 40% (Brown and Borst 2014).  
Pervious concrete pavement has four main layers which include: the soil layer, 
geotextile layer, storage layer, and pervious concrete surface layer, as shown in Figure 2.2. 
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Most of the time clogging occurs at the top layer of the pavement due to sediments that are 
transported by runoff from nearby areas. Specifically, if the design is a hybrid of pervious 
concrete with asphalt driving lane, the problem will worsen because the runoff from the 
asphalt area drains to the pervious concrete (Brown 2012). Therefore, in order to keep the 
performance of the pavement, frequent maintenance is highly recommended. Pressure 
washing and pressure blowing are the recommended maintenance techniques. For 
pervious concrete covering large areas like parking lots, a combination of pressure wash 
and blow maintenance system is most effective and more economical than using only 
pressure wash (Dougherty et al. 2010).  Brown (2012) reported that cleaning pervious 
concrete with pressured vacuum improved its performance. This study also recommended 
street-sweeping and vacuuming for pervious concrete pavement annually.    
 
Figure 2.2: Typical Pervious Concrete Layers Cross Section (UCF 2010) 
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2.4 Standard Method for Testing In-place Infiltration Rate of Pervious Concrete 
Before 2009 there was no standard test available in the U.S to measure in-place 
infiltration of pervious concrete. ASTM C1701, a method for testing in-place pervious 
concrete, was developed and published in June 2009. This test method has been used as an 
assessment tool for pervious concrete pavement after installation in previous studies 
(Brown and Borst 2014).   The method simulates a hydraulic head that can be created by a 
storm on the pavement surface, using an infiltration ring. It is inexpensive and quick if the 
pavement is not completely clogged. This method can be used to track the initial infiltration 
of pervious concrete pavement as well as the possible change of infiltration through time 
(Smith 2012). It can also help to identify clogging issues (Brown 2012).  
Li et al. (2013) compared the two most commonly used permeability measurement 
methods, the National Center for Asphalt Technology (NCAT), which has been used since 
the 1990s but not published as a standard method, and the ASTM C1701, on different 
pervious pavement surfaces. The study reported that the ASTM C1701 method was more 
conservative for all pervious surface types. The permeability values measured using the 
ASTM method were 75% lower than the values measured using the NCAT method.  The 
study concluded that both methods can be used to measure the permeability of all pervious 
pavement types.  
 The ASTM C1701 method was developed specifically for in-place pervious concrete 
pavement; however, it was also found be an effective method for other types of permeable 
pavements.  For instance, Smith (2012) conducted a study on the potential application of 
this method for evaluating surface infiltration of permeable interlocking concrete 
pavement (PICP) and found that the method is suitable and precise.  A change in the title of 
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the standard was proposed to be “Standard Test Method for Infiltration Rate of In-place 
pervious pavement” to include other permeable pavement.  Similarly, (Brown and Borst 
2014) applied this method to all pavement types.  
2.5 EPA SWMM 
The U.S.EPA’s Storm Water Management Model (SWMM) is a rainfall and runoff 
simulation modeling software for a single storm event or continuous simulation of runoff 
quality and quantity (EPA, 2014).  It was first developed in 1971, and after many upgrades 
the current version, EPA SWMM 5.1, was released on March 30, 2014. Primarily it was 
developed to address pollutant problems as a result of combined sewer overflow; however 
it has been used for analysis of hydrologic and pollutant problems (Singh 1995). Using 
different input parameters, SWMM allows the simulation of flow and polluting load of 
urban runoff at any location. Some of the applicability includes: designing drainage, 
evaluating the impact of inflow and infiltration on sanitary sewer overflows, and evaluating 
the effectiveness of BMPs (Rossman 2010). 
When development is planned, a hydrologic impact assessment is essential to design 
detention facilities and drainage systems. The output from SWMM can be used to design 
these facilities. Also, the stormwater runoff quality and nutrient loading rate can be 
predicted using this modeling tool (Hopkinson 1980; Temprano et al. 2007). SWMM has 
been widely used for different hydrologic impact assessments throughout the world. For 
instance, a study conducted in South Korea used SWMM to assess pre- and post-
development conditions of an urban watershed for several storm events. The results were 
expected and probable for the effect of development (urbanization). In addition, the 
applicability of SWMM to a natural watershed was also tested in this study. The study 
 14
reported that SWMM is well suited to model a natural watershed; and for uncalibrated 
conditions it is proposed to model the area as a single watershed to get accurate results 
(Jang et al. 2007).   
Currently in the Unites States, numerous LID controls are installed to manage 
stormwater runoff problems. In addition to the implementation of this technique, regular 
performance assessment is required. Researchers that conducted studies on the 
performance of LID have used SWMM. For instance, a study conducted on the effectiveness 
of LID on urban flooding under different rainfall characteristics used SWMM to evaluate the 
performance of three different LID controls; green roof, permeable pavement, and swale 
(Qin et al. 2013; Kim 2014).  Therefore, SWMM can be used as an evaluation tool for the 
effectiveness assessment of stormwater runoff management practices. 
2.6 The Study Area  
2.6.1 The Law School Parking Area 
The pervious concrete pavement analyzed in this study is located at the Law School 
of the University of Mississippi located in Oxford, MS. The Law School, which is also called 
the Robert C. Khayat Law Center, was opened in January 2011. The parking area of the 
school was constructed with traditional asphalt and pervious concrete. As shown in Figure 
2.3, the white strips are pervious concretes pavement, and the remaining area is traditional 
asphalt pavement. The driving lanes are paved with traditional asphalt pavement. There 
are 213 pervious concrete parking spaces and 183 asphalt parking spaces.  
There is a privately owned pond that is located adjacent to the Law School on the 
south side of the school.  Observations at the pond indicated that there is excess runoff 
coming from the Law School area. Therefore, this study mainly focuses on the southern 
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part of the school that contains 35 pervious concrete parking spaces, 19 asphalt parking 
spaces, and grass areas. The study area also has a separate drainage system which can be 
modeled using SWMM by defining the inlet and outlet of the system.  An aerial view of the 
study area is shown in Figure 2.3. This figure illustrates the land cover of the University of 
Mississippi Law School area before and after the construction of the new school.  
 
 
Figure 2.3: The Study Area Before (Left) and After (Right) the Construction of the 
New School 
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2.6.2 The Athletics Facility Parking area 
The Athletics Facility Parking area was constructed at the beginning of 2014.  The 
parking area was constructed with traditional asphalt and pervious concrete pavements. 
Figure 2.4 shows the aerial view of the parking area.    
 
Figure 2.4:  The Athletics Facility Center Parking Area before (left) and after (right) 
the Construction  
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3 MATERIALS AND METHODS 
3.1 Field Infiltration Rate Measurements 
An infiltration rate for the pervious concrete pavement was measured using ASTM 
C1701/C1701M-09 standard method. The method was developed and published in June 
2009, specifically for in-place pervious concrete infiltration rate measurement. The test 
uses the constant head principle (ASTM 2009). Materials required for the test were a 
circular ring, a broom (brush), a container (bucket), a stop watch, plumber’s putty, and 
water. 
  A circular, steel infiltration ring with a diameter of 300 mm and depth of 50 mm was 
used for this study. The infiltration ring was open at both ends and the inside surface was 
marked with two lines at a distance of 10 mm and 15 mm from the bottom. The reason the 
ring was marked was to maintain a constant head and prevent excessive lateral flow of 
water during the test (Brown 2012). The first step of the test was cleaning the top surface 
of the pavement with a broom to remove any dust that covered the top surface of the 
pavement. After the cleaning plumber’s putty was applied around the bottom edge of the 
infiltration ring. The plumber’s putty is used to seal the ring on the surface of the pavement 
and also to prevent leakage during the test.  Then, the ring was positioned at the pervious 
concrete pavement being tested (Figure 3.1). 
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Figure 3.1: Infiltration Ring Used for this Study.                                                                                
The left panel shows the infiltration ring with applied plumber putty around the 
bottom edge. The right panel shows the infiltration ring placed on the pervious 
concrete pavement. 
This method has two stages; the pre-wetting stage and the test stage. After the 
infiltration ring was fixed on the required position, the pre-wetting test was done by using 
3.6 kg of water, according to the test standard. A one-gallon plastic bucket was used to pour 
the water inside the ring. The water was poured into the ring at a rate that maintained a 
head between the two marked lines (10 mm and 15 mm). The timing started immediately 
as the water hit the pervious concrete surface and stopped when there was no free water 
on the pervious surface. Then the time was recorded to the nearest tenth of a second. The 
main purpose of the pre-wetting stage is to adjust the capillary action of the system (Brown 
2012). 
The test stage depends on the pre-wetting stage. When the time elapsed during the 
pre-wetting stage was less than 30 seconds, 18 kg of water was used for the full test. This 
situation happened only on the new parking area. On the Law School Parking area, all the 
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pre-wetting stages took more than 30 seconds. When the time elapsed in the pre-wetting 
stage was greater than or equal to 30 seconds, 3.6 kg of water was used. Similar to the pre-
wetting stage, the time elapsed for the test was also recorded to the nearest tenth of a 
second. All of the tests were conducted after 24 hours of the last rain, as required by the 
standard method.  
The infiltration rate tests were conducted at three different sides of the Law School 
parking area. Three test locations were selected from each side. Three (1, 2, and 3) at the 
south side of the parking lot, which is adjacent to the lake; three (4, 5, and 6) at the 
northeast parking lot, which is the middle part of the parking area; and three (7, 8, and 9) 
at the north side of the parking area, as shown in Figure 3.2.  The ASTM standard does not 
have directions on how to select test locations (Brown and Borst 2014). Therefore, the 
locations were selected randomly to address all sides of the parking area. For comparison 
purposes, other tests were also conducted at the Athletics Facility Center parking area, 
which one of the newly constructed parking areas on campus. The site is located next to the 
University of Mississippi Waste Water Treatment Plant and it was constructed in early 
2014. It has the same construction specifications as the Law School pervious concrete 
pavement. A similar test procedure was used for both sites. Data collected during the 
infiltration rate test is attached in Appendix A-1. 
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Figure 3.2: Infiltration Rate Test Locations. The Law School (Left) and the Athletics 
Facility Center (Right) http://map.olemiss.edu/ 
During the infiltration rate measurement, proper sealing of the infiltration ring to 
prevent leakage is highly important to get accurate measurements (Li et al. 2013). On field 
infiltration rate measurements conducted by Brown and Borst (2014) a silicone gel sealant 
was used instead of plumber’s putty. For this study, a plumber’s putty was used. However, 
the putty did not prevent the leakage at all test locations. At the Law School parking lot test 
locations, leakage was a problem almost at each location. At the new parking area the same 
type of plumber’s putty was used but leakage was not a problem except at one location. 
Lateral flow exists during testing the pavement whether the pavement is clogged or not. 
But a visual lateral flow at the top surface of the pavement can be an indicator of clogging 
of the pervious concrete layer due to sedimentation (Brown 2012). Therefore, the leakage 
may occur because of the pavement is clogged or due to the low permeability of the 
pavement.    
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3.2 Infiltration Rate Calculation 
The infiltration rate was calculated based on the equation given in the 
ASTMC1701/C1701M -09 standard test method of infiltration rate of in-place pervious 
concrete.  The infiltration rate is calculated as: 
 =

∗
                                                           (Equation 1) 
where I is the infiltration rate (mm/h), M is the mass of infiltrated water (kg), D is the 
inside diameter of the infiltration ring (mm), t is the time required for the measured 
amount of water to infiltrate the concrete (s), and K is 4,583,666,000 in SI units or 126,870 
in [inch-pound] units. The factor K has units of (mm3·s)/ (kg·h) and is needed to convert 
the recorded data (M, D, and t) to the infiltration rate I in mm/h. A sample calculation is 
attached in Appendix A-2. 
3.3 SWMM Modeling  
The EPA SWMM version 5.1.007 was used to model the study area. The study area 
was divided into 11 small subcatchments based on their flow route and land cover type as 
shown in Figure 3.3. These subcatchments were also divided into two different subsurface 
types: pervious surface (green and blue) and impervious surface (red). The pervious 
subcatchment included three pervious concrete subcatchments and three grass area 
subcatchments. The impervious subcatchment included two asphalt subcatchments, and 
three traditional concrete subcatchments. There are several important physical and 
hydraulic parameters for modeling under the subcatchment category, which include; rain 
gage, area, flow width, slope, percent of imperviousness, N-impervious (manning’s 
roughness coefficient), depth of depression storage, and infiltration.  
 22
 
 
Figure 3.3: The Modeling Area 
3.3.1 Rainfall Data 
A rain gage (for instance RG3 in Figure 3.3) provides rainfall data for the study area. 
The rainfall data can be input in the form of a time series manually or from an external text 
file or DAT file. A time series form and cumulative format were used for this study. The 
study area was modeled for three different rainfall types: 1) a Design storm (178 
millimeters in 24 hours), 2) a 76 millimeters in one hour storm, and 3) a real and heavy 
storm, which happened in Oxford on June 02, 2014.  
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Based on the City of Oxford Code of Ordinances (Municode 2014), and the National 
Weather Service , National Oceanic and Atmospheric Administration (NOAA's National 
Weather Service 2014), the design storm for the city of Oxford was determined to be 7 
inches (178 millimeters) for a 25-yr return period and 24-hr rainfall. Then, the rainfall 
volume was calculated for design storm data. To calculate the volume of the design storm 
within equal time intervals, which is a suitable format for SWMM, synthetic storm 
hyetograph hydrologic analysis data was used. The data were developed by the United 
States Department of Agriculture Soil Conservation Service for different types of storms. 
The data for 24-hr storms in the United States were used (Mays 2010). Table 3.1 shows the 
distribution of the design storm (178-mm/24-hr). 
Table 3.1: Design Storm 
Time 
(hr)  
Depth 
(in) 
Cumulative 
(in) 
Depth 
(mm) 
Cumulative 
(mm) 
0 0.00 0 0.00 0.00 
2 0.15 0.15 3.91 3.91 
4 0.18 0.33 4.62 8.53 
6 0.22 0.55 5.69 14.22 
8 0.28 0.83 7.11 21.34 
10 0.43 1.26 10.85 32.18 
12 3.37 4.63 85.70 117.88 
14 1.10 5.73 27.91 145.80 
16 0.42 6.15 10.67 156.46 
18 0.25 6.4 6.40 162.86 
20 0.25 6.65 6.40 169.27 
22 0.17 6.82 4.27 173.53 
24 0.18 7.00 4.27 177.80 
 
The 76 millimeters (3 inches) in one hour storm was developed based on the 
announcement made by the city engineer about the change of the city Code of Ordinance on 
Friday, June 20, 2014 (Appendix B-1). The city engineer mentioned that when the city gets 
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76 millimeters of rainfall in a one hour period, this storm is the main cause of most 
problems in the city of Oxford. The new ordinance required the developers to design 
retention or detention facilities for the 2, 10, 25, and 100-years storms of 24-hour duration, 
and the storages shall be enough to handle a storm with intensity of 76 millimeters in one-
hour duration (Municode 2014). The estimated distribution of this storm is shown in Table 
3.2.  
Table 3.2: 76-mm/1-hr Storm 
 
Time 
(hr) 
Depth 
(in) 
Cumulative 
(in) 
Depth 
(mm) 
Cumulative 
(mm) 
0:00:00 0 0 0.00 0.00 
0:15:00 0.50 0.50 12.70 12.70 
0:30:00 0.98 1.48 24.89 37.59 
0:45:00 1.20 2.68 30.48 68.07 
1:00:00 0.32 3.00 8.13 76.20 
 
On June 02, 2014, the city of Oxford experienced a heavy rainfall. A storm of 209 
millimeters in two hour duration was recorded on that day. Table 3.3 shows the 
distribution of the storm, based on a record from one of the radars located near the city 
(Weather Underground 2014). 
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Table 3.3: June 02, 2014 Storm 
 
Time 
(hr)  
Depth 
(in) 
Cumulative 
(in) 
Depth 
(mm) 
Cumulative 
(mm) 
16:30 0 0 0.00 0.00 
16:45 0.05 0.05 1.27 1.27 
17:00 0.05 0.1 1.27 2.54 
17:15 0.050 0.15 1.27 3.81 
17:30 0.48 0.63 12.19 16.00 
17:45 0.480 1.11 12.19 28.19 
18:00 0.86 1.97 21.84 50.04 
18:15 1.75 3.72 44.45 94.49 
18:30 1.46 5.18 37.08 131.57 
18:45 1.42 6.6 36.07 167.64 
19:00 1.09 7.69 27.69 195.33 
19:15 0.23 7.92 5.84 201.17 
19:30 0.1 8.02 2.54 203.71 
19:45 0.09 8.11 2.29 205.99 
20:00 0.06 8.17 1.52 207.52 
20:15 0.03 8.2 0.76 208.28 
20:30 0.01 8.21 0.25 208.53 
20:45 0 8.21 0.00 208.53 
3.3.2 Subcatchment Properties 
The area, flow width, and slope of the subcatchments for the parking lot were 
determined from the as-built plan. Percent of imperviousness represents the percentage of 
the area of a subcatchment that is covered by impervious surface. This property was 
estimated based on visual investigation of the study area.  The percent of imperviousness 
of each subcatchment is 5% for pervious concrete, 25% for grass subcatchment and 95% 
for the asphalt and the traditional concrete subcatchments. 
“N-Impervious” and “N-Pervious” are the surface roughness coefficients of the 
subcatchments, which defines the capacity of a surface flow resistance. “Depth of 
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depression storage” is a subcatchment’s storage depth; it represents the initial abstraction 
that must be filled before the presence of runoff. This parameter is the most sensitive 
parameter (Qin et al. 2013).  Typical values of these susbcatchment properties were 
determined from the SWMM user’s manual (Rossman 2010). 
“Percent zero impervious” is the other parameter of the subcatchment that defines 
the percent of the impervious area with zero (0) depression storage.  Additionally, in all 
subcatchment properties table there is an option bar named “subarea routine”. This 
property defines the internal route of runoff from each subcatchment.  It has three options: 
Pervious, Impervious, and Outlet.  The Pervious option routes the runoff from impervious 
area to pervious area. The Impervious option routes the runoff from pervious area to 
impervious area, and the Outlet option routes the runoff directly to outlet or junction 
(Gironás et al. 2009). Since the area was simulated only for water quantity, the 
subcatchment’s water quality parameters, such as land uses, initial built up, and curb 
length (used only when pollutant buildup is normalized to curb length), were not 
considered.  
3.3.3 Infiltration Method  
Infiltration is the other important input parameter under the subcatchment 
category of property. It is a process of water penetrating the ground surface into the soil 
(unsaturated zone). SWMM allows the users to choose one infiltration model from three 
choices.  Horton’s Equation, Green-Ampt method, and Curve Number methods are the three 
infiltration methods provided in SWMM. For this study, the Green-Amp method was used 
because the required input parameters can be determined more easily than the other 
methods. The input parameters for this infiltration method are the saturated hydraulic 
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conductivity (ks), suction head (wetting front capillary pressure head) (Ψ), and effective 
porosity (Өe).  These parameters depend on the characteristics of the soil on the study area. 
To identify the soil type of the area a soil map data from the EPA National Storm Water 
Calculator was used (Figure 3.4).  The soil map was developed based on the U.S. 
Department of Agriculture’s Natural Resource Conservation Service (NRCS) SSURGO data 
base that has been collected over the last forty years by different parties for most of the U.S. 
(EPA 2014). 
 
Figure 3.4: The Study Area Soil Map 
 28
There are four soil type groups in the soil map: low, moderately low, moderately 
high, and high runoff potentials. The study area is categorized as a moderately low runoff 
potential soil type.  In the SWMM user’s manual this category defined as a sandy loam soil 
type (Rossman 2010). Based on the results from a study called Green-Amp Infiltration 
Parameters from Soil Type by Rawls et al. (1983) ; for sandy loam soil type, the parameters 
value of 110 mm for suction head, 10.9 mm/hr for hydraulic conductivity, and 0.453 for 
effective porosity were used (Bean et al. 2004; Rawls et al. 1983). Figure 3.5 shows an 
example of SWMM’s subcatchment properties window. The properties table of each 
subcatchment is provided on Appendix B-2. 
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Figure 3.5: Subcatchment Property Window 
3.3.4 LID Control Properties 
To apply LID control on the subcatchments, SWMM has an LID control editor option, 
which is a flexible method for placing, defining, and sizing LID units.  The LID types listed 
on SWMM are bio-retention cell, rain garden, green roof, infiltration trench, permeable 
pavement, rain barrel, and vegetative swale.  In this study, Pervious Pavement is the LID 
control type that was used and analyzed. Under each LID type, there are properties to be 
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defined. For the pervious pavement the properties include; surface layer, pavement layer, 
and storage layer (Figure 3.6). Under the surface layer, the surface roughness and surface 
slope of the pervious concrete pavement were defined. A value of 0.013 was assigned for 
the surface roughness of the pavement and based on the as-built drawing 2% was assigned 
for the slope of the pavement. The pavement layer contains the major properties of the 
pervious concrete pavement, such as the thickness, void ratio, permeability, and clogging 
factor. Based on the as-built plan, the thickness of the pervious concrete pavement is 203 
mm.  The void ratio of the pavement was set to be 15% based on a previous study on the 
properties of pervious concrete (Obla 2007) and the SWWM User’s Manual. For the 
permeability, the infiltration rate test results were used. Five simulations were done to 
determine the effect of the clogging factor on the modeling result, with clogging ranges 
from 0 to 4,500. The clogging range was determined based on the clogging factor equation 
stated on the SWMM user’s manual page 213, see Equation 2. Then, the infiltration and 
runoff results with a clogging factor between zero and 4,500 did not change. Therefore, for 
all simulations the clogging factor was ignored (considered to be zero).  
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                                 (Equation 2) 
where Yclog is the number of years it takes to fully clog the system (yr), Pa is the annual 
rainfall amount over the site (mm/yr), RC is the pavement’s capture ration (area that 
contributes runoff to the pavement divided by area of the pavement itself), VR is the 
system’s void ratio, ISF is the impervious surface fraction, and T is the pavement layer 
thickness (mm). 
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Figure 3.6: LID Editor Window 
3.3.5 Drainage Properties 
The study area has eight junctions and one outfall, as shown in Figure 3.3.  The Outfall 
is the final boundary of the drainage system, and junctions are a drainage system at which 
conduits are joined. Conduits are pipes that transport water from one junction to another 
junction. The pipes used on this project site are high-density polyethylene (HDPE) circular 
pipes with a diameter of 0.457 meters. In the study area, Junction 1 receives runoff from 
the Grass Area-1 subcatchment, and Junction 2 receives runoff from Concrete Pavement 1. 
These two Junctions are connected by Conduit 1. Junctions 3 and 4 receive runoff only from 
subcatchment Pervious Concrete-1 and Grass Area-2, respectively. Junctions 2 and 3 are 
connected by Conduit 2.  At Junction 5, Conduits 3, 4, and 5 are connected and also receive 
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runoff from four subcatchments (Concrete Pavement -2, Grass Area 3, Asphalt-2, and 
Pervious Concrete-2). Junction 6 receives runoff from subcatchments Concrete Pavement3, 
Asphalt-1, and Pervious Concrete-3 then it is connected with Junction 7 through Conduit 6. 
Junction 8 connects Conduits 7 and 8, and then the Outfall drains the total runoff from the 
system.  
Major input parameters for junctions are invert elevation and maximum depth. 
Maximum depth is a distance from ground surface to invert. These parameters are 
calculated from the as built drawing. Table 3.4 shows the properties of each junction.  
Table 3.4: Properties of Junctions 
 
Junctions  
Invert Elevation 
(m) 
Maximum Depth 
(m) 
J1 143.41 1.52 
J2 143.3 1.63 
J3 142.62 1.55 
J4 142.80 1.52 
J5 142.01 1.55 
J6 140.68 1.55 
J7 140.33 0.79 
J8 139.85 0.90 
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3.4 Running the Simulations 
The model was run for three infiltration rates, three storms, and five different 
pervious concrete area coverages, a total of 45 simulations. The simulations were divided 
into three main scenarios based on the storm types: a Design storm, a 76 millimeters in one 
hour storm, and a real storm. Under each scenario fifteen simulations were done with a 
combination of five different types of pervious concrete surface area coverage: baseline 
(11.3%), 1 additional pervious concrete subcatchment (PCS) (17.6%), 4 additional PCS 
(24.2%), 5 additional PCS (30.4%), and 6 additional PCS (41.6%); and three infiltration 
rates; low (45 mm/hr), average (12,800 mm/hr), and maximum (25,600 mm/hr). The 
average and the maximum infiltration rates were selected based on the results from the 
field infiltration rate tests conducted on the Athletics Facility Center parking area.  
SWMM provides the simulation results in several ways. The results include status, 
summary, graph, table, and statistics.  The status report gives general information about 
the simulation options and general results for runoff quantity, quality, and flow routing. 
The summary report provides detailed results for subcatchment runoff, LID performance, 
node performances (depth, inflow, discharge flooding, and loading), outfall loading, and 
conduit performances. The summary result also displays quantitative results with a table. 
The graph report option contains different categories, which can be customized by the 
user. It contains different plots for the subcatchments, conduits, junctions, and for the total 
system based on the input information. Another format of report provided by SWMM is a 
table which allows the user to customize different inputs under objects (subcatchments, 
links, and junctions) and variables (precipitation, infiltration, and runoff) categories. It is 
also possible to see the result values from the map browser. The map browser allows the 
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user to color code the subcatchments, nodes, and links based on their legend and time 
period. It is also possible to view animations of the profile results by using the animator 
panel of the map browser. 
3.5 Statistical Analysis  
The runoff volume is dependent on the infiltration rate of the pavement, the area 
covered by pervious concrete, and the type of storm.  The infiltration rate test results and 
the volume of runoff, which are calculated from SWMM, were analyzed for variance using 
one-way analysis of variance (ANOVA). ANOVA is a useful technique to analyse a situation 
that has more than two levels of independent variables. For all statistical analyses, SPSS 
version 21 statistical software was used with significance levels set at α = 0.05 (or 
confidence level of 95%). The results of runoff volumes and measured infiltration rates at 
the two parking lots were tested for normality using the Shapiro-Wilk test (Appendix C-1).  
The Shapiro-Wilk test results for the runoff volumes from the five scenarios (based on 
pervious concrete area coverage) and for infiltration rates from the Athletics Facility 
Center showed a significant level of (P > 0.05), which means the distribution of the data is 
not significantly different from a normal distribution (Andy Field 2009). Because these data 
fit a normal distribution, parametric ANOVA tests were used for the statistical analysis.  
However, the Shapiro-Wilk test result for the runoff volumes from the three storms and the 
three infiltration rates, and for the infiltration rates from the Law School showed a 
significant level of (P > 0.05), which means the distribution of the data is significantly 
different from a normal distribution. Therefore, due to these data do not fit a normal 
distribution, nonparametric ANOVA tests that is Kruskal-Wallis ANOVA test, was used for 
the statistical analysis. The infiltration rate, pervious concrete area coverage, and the storm 
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type are considered as independent variables. In comparing whether there was a 
significant difference between the volumes of runoff from the three independent 
parameters, post hoc comparisons were conducted using Tukey method. Tukey's method 
considers all possible pairwise differences of means at the same time. 
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4 RESULTS AND DISCUSSION 
4.1 Field Infiltration Rate Test Results 
After collecting the field infiltration rate data, the infiltration rate of the pervious 
concrete pavements were calculated using equation 1. 
4.1.1 The Law School Parking Area 
At the Law School parking area the infiltration tests were done at nine locations 
(Figure 3.2). For locations 1 through 6, two tests were conducted at each location. At 
locations 7, 8, and 9, one test was conducted at each location, see Figure 4.1.  
 
 
Figure 4.1: The Law School Pervious Concrete Pavement Infiltration Rate by Location 
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For Test 1 at location 6 the pre-wetting test was not completed because it took more 
than 3 hours for the 3.6 kg of water to infiltrate. During Test 1 at location 5, Test 2 at 
locations 3 and 4 and at location 7 the pre-wetting test was completed but the test stage 
was done with a partial volume of water. For Test 2, at locations 1 and 6, and for test 2, at 
location 9 only the pre-wetting stage was completed because the pre-wetting stage alone 
took more than one hour. This can be an indication that the system reached steady state 
and that the infiltration rate is almost negligible.  
The infiltration test results from the Law School parking area (Table 4.1) were 
analyzed by computing the average and maximum infiltration rates of the pavement.  The 
results were computed only for the test locations at which a full or a partial test was 
completed. The average infiltration rate of the nine locations was found to be 55 mm/hr 
and the maximum was 270 mm/hr (at location 7).  However, the modeling included only 
the test locations 1 through 3. The average infiltration rate of these three locations was 45 
mm/hr, and the maximum was 80 mm/hr, which is much less than the desired infiltration 
rate of pervious pavements. The desired infiltration rate for pervious concrete is 5,000 
mm/hr to 40,000 mm/hr (Bean et al. 2004; Florida Concrete and Products Association Inc. 
2012). From the result, it was also confirmed that the Law School pervious concrete 
pavement is not functioning properly possibly due to clogging.  
 
 
 
 
 
 38
Table 4.1:  Law School’s Pervious Concrete Infiltration Rate Result Summary 
 
Test date ID No  
Time  
elapsed 
during pre-
wetting   
(s) 
Weight of 
infiltrated 
water  
(kg) 
Time 
Elapsed 
during 
infiltration 
test  
(s) 
Infiltration 
rate  
(mm/hr) 
Test 1: 
January 16,2014 
 
1 3152 3.6 5906 30 
2 1067 3.6 2202 81 
3 8233 - -   7(a) 
Test 2: 
February 18,2014 
1 126013 - - 14(a) 
2 12233 3.6 3018 59 
Test 2: 
March 05,2014  3 15661 
 
1.2 5393 11(b) 
Test 1: 
January 24,2014 
 
4 4470 3.6 11175 16 
5 5126 1.8 5279 17 
6 > 10800(c) - - - 
Test2: 
March 11,2014 
4 
11625 2.4 15795 7.5 
Test2: 
February 26,2014 
5 
2931 3.6 4312 
41 
Test2: 
March 11,2014 
6 
14414.2 -  - 12(a) 
Test 1: 
January 20,2014 
 
7 300.04 18 3285 270 
8 1876.05 3.6 3555 50 
9 3645.27 - - 49(a) 
 
(a) Estimated values based on the pre-wetting test stage 
(b) Calculated for 1.2 kg of water instead of 3.6 kg. Because of long infiltration time, 
only 1.2 kg of water was used for the test. 
(c) The test was not completed because the infiltration was so slow; to complete the 
test it took more than three hours. 
4.1.2 The Athletics Facility Center Pervious Concrete Pavement 
In order to compare the infiltration rate of the Law School pervious concrete 
parking with the Athletics Facility Center parking area, and to find out the range of 
infiltration rate of a newly constructed pervious concrete, infiltration rate tests were 
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conducted at six locations on the Athletics Facility Center parking area (Figure 3.2). Six 
tests at locations 1, 2, and 5; five tests at location 4; and four tests at location 3 were 
conducted. A total of 31 tests were conducted at this site starting from June 2014 to 
December 2014. The average and the maximum infiltration rates for this site were 
computed from the test results (Figure 4.2).  The average infiltration rate of the new 
parking area was 12,800 mm/hr, and the maximum was 25,600 mm/hr.  The data in Figure 
4.2 showed that except for locations 3 and 4, the remaining locations performed very well.   
 
Figure 4.2:  The Athletics Facility Center Pervious Concrete Pavement Infiltration 
Rate by Location 
The infiltration rates ranged from 340 mm/hr to 25,600 mm/hr. Locations 3 and 4 
have the lowest infiltration rates. These locations are placed adjacent to each other (Figure 
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3.3).  The highest infiltration rate was observed at location 1. At location 2, the infiltration 
rates showed consistency for the different tests with an average infiltration rate of 16,000 
mm/hr.  At location 3, the infiltration rate decreased from 1,140 mm/hr to 778 mm/hr 
until Test 5, then it jumped again to 1,110 mm/hr during Test 6. At location 4, the 
infiltration rate decreased in each test. During the first test it was 1,900 mm/hr then during 
Test 6 it reached 34 mm/hr. At location 5, the result fluctuated between 16,450 mm/hr and 
22,900 mm/hr. At location 6, the result was the same during Test 2 and 3. It was about 
14,850 mm/hr and then decreased to 13,900 mm/hr in Test 4 and 5,865 mm/hr in Test 6. 
Infiltration rates at locations 3 and 4 were lower than in the other locations. The low 
infiltration rates may have been caused by improper installation, poor mix ratio, or 
clogging. 
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Table 4.2:  The Athletics Facility Center Pervious Concrete Infiltration Rate Summary  
 
Test date Location 
Weight of 
infiltrated 
water  
(kg) 
Time 
Elapsed 
during 
infiltration 
test             
(s) 
Infiltration 
rate  
(mm/hr) 
Test 1:  
June 20, 2014 
1 3.6 16 10,800 
2 18 53 16,800 
3 3.6 156 1,100 
4 3.6 93 1,900 
5 18 54 16,400 
Test 2: 
July 25, 2014 
1 18 89 9,900 
2 18 56 16,000 
5 18 40 22,100 
6 18 60 14,800 
Test 3 
August 21 & 22 ,2014 
1 18 36 24,600 
2 18 53 16,800 
3 3.6 164 1,080 
4 3.6 143 1,200 
5 18 42 21,200 
6 18 60 14,900 
Test 4: 
October 07,2014 
1 18 39 22,700 
2 18 53 16,800 
4 3.6 313 568 
5 18 45 19,828 
6 18 64 14,000 
Test 5: 
November 09,2014 
1 18 35 25,600 
2 18 56 16,000 
3 3.6 228 800 
4 3.6 413 430 
5 18 39 22,900 
Test 6: 
December 20,2014 
1 18 36 24,900 
2 18 53 16,600 
3 3.6 160 1,110 
4 3.6 522 340 
5 18 45 20,000 
6 18 151 6,000 
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Based on a comparison between the mean infiltration rate of the Law School 
pervious concrete parking area and the Athletics Facility Center pervious concrete parking 
area, there is a significant difference between the two parking lots.  This difference might 
be because the Law School parking area was constructed four years earlier than the 
Athletics Facility Center parking area and it has been more exposed to external activities 
that can cause the pavement to be clogged more than the athletics facility parking area. 
There was no study conducted on this pavement immediately after construction. Therefore, 
it is not known how the pavement was functioning four years ago. Moreover, as is shown in 
Figure 4.3, there is a difference between the two pavements by a visual investigation. The 
Athletic Facility Center pervious concrete pavement appears to have more open pore 
spaces. On the other hand, the Law School pervious concrete pore spaces look sealed by 
sediment or trash.  
(a)                  (b) 
Figure 4.3:  Pervious Concrete Pavements, the Athletics Facility Center (a) and the 
Law School (b)  
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4.2 Soil Sampling  
To identify whether underlying soil was the cause of the poor infiltration rate at the 
Law School parking lot, additional analyses were done by sampling soil from the study 
areas.  The sampling was done to identify the type of soil that the pavement is built on. Two 
soil samples from each parking area were collected. The samples were collected from grass 
areas adjacent to the pervious concrete pavement where infiltration rate tests were 
conducted (Figure 4.4 left panel). The pervious concrete and the storage layer have a 
thickness of 8 inches each (16 inches total), and the curb is 4 inches high. The soil samples 
were taken below a depth of 20 inches from the ground surface (Figure 4.4 right panel). 
After collecting the samples, the soil type of each location was identified (Table 4.3). To 
identify the soil types sieve analysis test was done, see Appendix A-4. 
 
 
Figure 4.4: Soil Sample Location 
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Table 4.3: Soil Sample Result 
 
The Law School  The Athletics Facility Center  
Location Soil Type Location Soil Type 
Parking Space 2  Sandy Clay Parking Space 30 Loamy Sand  
Parking Space 9 Sandy Clay Parking Space 92 Loamy Sand   
 
According to the soil sampling and the infiltration rate test result, there is a 
relationship between infiltration rate and the underlying soil type. At the Athletics Facility 
Center, parking spaces 92 and 30, the average infiltration rates of the pervious concrete 
were 15,700 mm/hr and 11,500 mm/hr; and the soil type was loamy sand. At the Law 
School, parking spaces 2 and 9, the average infiltration rates of the pervious concrete were 
22 mm/hr and 7 mm/hr, respectively; and the soil type was sandy clay for both spaces. In 
the case of these samples, when the underlying soil had relatively large grain sizes, as in the 
case of loamy sand, the infiltration rate of the pervious concrete was higher. When the 
underlying soil had relatively small grain sizes the infiltration rate of the pervious concrete 
pavement was lower.  
Moreover, to improve the infiltration rate of the Law School pervious concrete, 
parking space 2 (Test Location 1) and parking space 9 (Test Location 2) were cleaned with 
a RIDGID, Model RV 2600B 2-Stage Commercial Wet/Dry Vacuum (see Figure 4.5). 
Immediately after cleaning, infiltration rate tests were conducted. It was observed that the 
vacuum cleaned the top surface of the pavement; however, it did not improve the 
performance of the pavement. This might be due to the vacuum cleaner not being able to 
pull out particles from the pore spaces, or the pavement not being cleaned since 
installation, and/or incorrect mix and installation. Thus, the pore spaces might be clogged. 
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In addition, the vacuum cleaner is not manufactured for this purpose; therefore, it might 
not be powerful enough to clean the pavement. For effective maintenance of a pervious 
concrete pavement, a combination of vacuuming and pressure wash is recommended 
(Dougherty et al. 2010). 
 
Figure 4.5: Industrial Level Vacuum Cleaner   
For infiltration tests after cleaning both locations, pre-wetting tests were not 
completed for the 3.6 kg of water because of very slow infiltration. 1.2 kg of water was used 
for both locations and the infiltration rates were calculated from the pre-wetting test stage. 
The infiltration rate results were 10 mm/hr and 12 mm/hr for the parking space 2 and 9, 
respectively, see Table 4.4.  
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Table 4.4: Law School Pervious Concrete Infiltration Rate after Cleaning  
 
Test date ID  
Weight of 
infiltrated 
water 
during pre-
wetting (kg) 
Time  
elapsed 
during 
pre-
wetting  
(s) 
Weight of 
infiltrated 
water  
(kg) 
Time 
Elapsed 
during 
infiltration 
test           
(s) 
Infiltration 
rate  
(mm/hr) 
March 18, 2015 1 1.2 6120 - - 9.7(a) 
March 18, 2015 2 1.2 5027 - - 11.8(a) 
 
(a) Estimated values based on the pre-wetting test stage 
 
These tests were done almost one year since the initial tests in January 2014 at the 
same locations were conducted. The infiltration rates from January 2014 were 14 mm/hr 
at location 2 and 59 mm/hr at location 9. Therefore, the infiltration rates have decreased 
by 29% and by 79% for location 1 and 2, respectively.  
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4.3 SWMM Simulation Results 
After conducting infiltration rate tests, part of the Law School parking area was 
modeled with SWMM as shown in Figure 4.6. The modeling area covered 6,475 m2. This 
area is selected because it is located adjacent to the pond and also it has a separate 
drainage system.  Forty-five simulations were evaluated for different scenarios based on 
three types of storms, five different pervious concrete area coverages, and three infiltration 
rates.  
 
Figure 4.6:  The Law School Pervious Concrete Pavement Modeling Area 
The simulations were divided into five scenarios based on the pervious concrete 
area coverage as shown in Figure 4.6. Scenario 1 (Figure 4.7) represents the existing 
condition of the area, or the baseline. In scenario 2 (Figure 4.8), in addition to the baseline, 
half of Asphalt 1 is changed to pervious concrete pavement. Scenario 3 (Figure 4.9) consists 
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of scenario 2 with all the walk ways (the traditional concrete pavements) considered as 
pervious concrete pavements. In scenario 4 (Figure 4.10) all of the other impervious 
subcatchments are considered as pervious concrete, except for Asphalt 2. In scenario 5 
(Figure 4.11) all subcatchments, except the grass areas are considered as pervious concrete 
subcatchments. In this section, the result of these scenarios will be presented for the three 
storms: Design storm (Storm 1), 76 millimeters in one hour storm (Storm 2), and June 02, 
2014 storm (Storm 3). Fifteen simulations were done under each storm. 
The colors in the following figures (Figure 4.7 to 4.11) represent the percent of 
surface imperviousness of each subcatchments. The blue color represents the percent of 
imperviousness from 0 to 20%, the green from 20 to 40%, and the red from 80 to 100%. 
 
 
Figure 4.7: Modeling Scenario 1 
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Figure 4.8: Modeling Scenario 2 
 
Figure 4.9: Modeling Scenario 3 
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Figure 4.10: Modeling Scenario 4 
 
Figure 4.11: Modeling Scenario 5 
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4.3.1 Storm 1: Design Storm of 178 millimeters in 24 hours 
Each scenario was simulated for the design storm and for three different infiltration 
rates. The infiltration rates were divided in to low (45 mm/hr), average (12,800 mm/hr), 
and high (25,600 mm/hr). The runoff from the first simulation, which is the baseline 
scenario with low infiltration, was 49% of the precipitation.  Increasing the pervious 
concrete area coverage to 18% (scenario 2) decreased the runoff to 39%.  For scenarios 3, 
4, and 5 the previous concrete coverage increased to 24 %, 30%, and 42%, respectively, 
and the runoff decreased to 36%, 34%, and 27%, respectively as shown in Figure 4.12.  
Based on these results, for the design storm, which is low intensity and long duration, 
increasing the area of a pervious concrete with low infiltration rate by 30% reduced the 
volume of runoff produced from the design storm by 22%.   
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PCS = pervious concrete surface 
Figure 4.12: Design Storm Simulation Result 
The simulation results for the average and the high infiltration rates were the same. 
In the baseline scenario, the runoff was 29% of the precipitation, which is much lower than 
the previous run with the low infiltration rate.  When the area covered by the PC increased 
by 7% (scenario 2), the runoff percentage did not change from the baseline scenario.  For 
the last three scenarios, the percentage of the runoff stayed the same, as shown in Figure 
4.12. The runoff percentage did not decrease below 27% in all cases.   
Based on this result, a pervious concrete pavement having a desired infiltration rate, 
which range from 5,000 mm/hr to 40,000 mm/hr (Bean et. al. 2004; Florida Concrete and 
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Products Association Inc. 2012), can handle the design storm with a minimum volume of 
runoff with the baseline scenario, without adding additional pervious concrete pavement.  
For this storm, to reduce the runoff percentage to 27%, the pervious concrete areas should 
be 41% of the study area for the low infiltration, and 24% for the average (desired) 
infiltration rate.  Even 24% of pervious concrete area is not required because the difference 
in the runoff percentage between the baseline scenario (11% pervious concrete) and 
scenario 3 (24% pervious concrete) was only 2%. Therefore, when the infiltration rate is 
low, more pervious concrete area should be added to reduce the volume of runoff. 
However, if the pavement has the desired infiltration rate, then an additional pervious 
concrete area is not required.  
4.3.2 Storm 2: Short, High Intensity storm of 76 millimeters in 1 hour 
Under each of the three infiltration rates five simulations were run. For the 45 
mm/hr infiltration rate, the runoff created from the baseline scenario was 60% of the 
precipitation, which is more than half of the precipitation volume. For the second scenario, 
with one additional pervious concrete pavement, the runoff percentage decreased to 54%. 
On the third scenario, with 4 additional pervious concrete pavements, the percentage was 
decreased to 51%.  On the fourth scenario the runoff decreased to 46%, and on the last 
scenario the runoff was 35% of the precipitation (Figure 4.13). 
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Figure 4.13: 76 millimeters in one-hour Storm Simulation Result  
Due to the high increase in pervious concrete area (12%) between scenarios 4 and 
5, compared to the other scenarios, there was a high reduction in the runoff percentage 
(11%) between these scenarios. In addition, in scenario 5, the subcatchment Asphalt 2 was 
considered as a pervious concrete pavement, which is located in the downstream part of 
the study area. This subcatchment received runoff from the Concrete-2 and the Grass Area-
3 subcatchments, and run-on from the concrete pavements.  As a result, covering the 
downstream of the area with pervious concrete has a significant contribution on reduction 
of runoff of volume. 
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For the baseline scenario there is only a 1.5 % difference between the runoff created 
from the average and the high infiltration rates.  For the remaining three scenarios the 
runoff percentage was the same for both infiltration rates. For the 76 millimeters in one 
hour storm infiltration rate played a significant role. Runoff percentage produced from the 
baseline scenario was 60% during the low infiltration rate, and 34% during the average 
(desired) infiltration rate. Similar to the design storm if a pervious concrete pavement has 
the desired infiltration rate the baseline scenario , without increasing the area of pervious 
concrete pavement,  can handle the 3 inched in one hour storm with 32% of runoff.  The 
minimum volume of runoff formed from this storm was 31%.  
4.3.3 Storm 3: Real Storm of 209 millimeters in 4 hours  
Similar simulations were done for the 209 mm in four hours storm, which happened 
on June 02, 2014 in Oxford, MS. For the baseline scenario with infiltration rate of 45mm/hr, 
the runoff was 75 % of the total storm. For scenarios 2, 3, 4, and 5 the runoff percentage 
decreased to 71%, 68%, 65%, and 58%, respectively, as shown in Figure 4.14. Compared to 
the other two storms, the volume of the runoff created from this storm was the highest in 
volume. This is due to the storm was high in intensity and the duration was short. 
Therefore, the runoff did not have enough time to infiltrate into the pavement while it is 
raining. 
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Figure 4.14: 209 millimeters in four hours Storm Simulation Result  
During the simulations with an average infiltration rate the volume of runoff 
decreased significantly compared to the low infiltration rate simulation results. For the 
baseline scenario the runoff was 75% of the precipitation. When the infiltration rate 
increased to 12,800 mm/hr, the runoff percentage decreased to 54%, which is less than the 
result from scenario 5 with infiltration rate of 45 mm/hr. Under scenario 2 the runoff 
decreased to 47%.  Between scenarios 3 and 4 the runoff percentage had less than a 1% 
difference. For the high infiltration rate, all the simulation results were similar to the 
average infiltration rate (Figure 4.14). For this storm a higher infiltration rate shows better 
results that increasing the area of pervious concrete.  
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Furthermore, increasing the area of pervious concrete reduces the peak runoff flow 
and the runoff duration. For the 76-mm/1-hr storm with infiltration rate of 45 mm/hr, the 
peak runoff flow decreased by 32% and the runoff duration decreased by 30 minutes, 
between the baseline scenario and scenario 5. For the average infiltration rate (12,800 
mm/hr), the peak runoff flow decreased by 38% and the runoff duration decreased by 45 
minutes. For the high infiltration rate (25,600 mm/hr), the peak runoff flow and the runoff 
duration decreased by 33% and 45 minutes, respectively, as shown in Figure 4.15. 
 
Figure 4.15: Rainfall - Runoff for the 76-mm/1-hr Storm 
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For the design storm, the peak runoff flow decreased by 60%, for the infiltration 
rate of 45 mm/hr and by 43 % for the average and high (12,800 mm/hr and 25,600 
mm/hr, respectively) infiltration rates. The runoff duration was reduced by 30 minutes for 
the three infiltration rates, as shown in Figure 4.16. 
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Figure 4.16: Rainfall - Runoff for the Design Storm 
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For the 209-mm/4-hr storm, the peak runoff flow and the duration decreased by 
12% and 30 minutes, respectively, for the infiltration rate of 45 mm/hr.  For the 12,800 
mm/hr and 25,000 mm/hr infiltration rates, the peak runoff flow and the runoff duration 
reductions were the same.  The peak decreased by 47% and the duration decreased by 1 
hour (Figure 4.11). Generally, increasing the pervious concrete area by 30% can reduce the 
peak runoff flow by an average of 40% and the duration by more than 30 minutes.  
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Figure 4.17: Rainfall - Runoff for the Storm of June 02, 2014 
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Increasing the area and infiltration rate of the pervious concrete pavement both 
show reduction on the peak runoff flow for the three storms. For the 209-mm/4-hr storm, 
the reduction of the peak due to increasing the pervious concrete area coverage and 
infiltration was similar. However, for the 76-mm/1-hr and the design storm, increasing the 
area of pervious concrete shows higher reduction than increasing the infiltration rate. The 
reduction of peak runoff flow and duration of runoff depends on the storm type. For a low 
intensity, longer duration storm, the reduction will be higher. However, if the storm has 
high intensity and shorter duration, the reduction will be lower, see Table 4.5. 
Table 4.5 Peak Runoff Flow for Each Simulation 
 
Storm  
Infiltration 
(mm/hr)  
Peak flow (m3/s) 
Baseline  
Scenario 
2 
Scenario 
3 
Scenario 
4 
Scenario 
5 
76-mm/1-hr 
45 0.19 0.17 0.16 0.15 0.13 
12,800 0.16 0.14 0.13 0.12 0.10 
25,000 0.15 0.14 0.13 0.12 0.10 
Design storm  
(178-mm/24-
hr)   
45 0.1 0.09 0.07 0.06 0.04 
12,800 0.07 0.07 0.05 0.05 0.04 
25,000 0.07 0.07 0.05 0.05 0.04 
209-mm/4-hr 
45 0.33 0.33 0.31 0.31 0.30 
12,800 0.3 0.25 0.22 0.20 0.16 
25,000 0.3 0.25 0.22 0.20 0.16 
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4.4 Statistical Analysis Results 
In one-way analysis of variance (ANOVA), changes in the dependent variable are 
assumed to be a result of changes in the independent variable. There are two sources of 
variance in one-way ANOVA: variation within groups and between groups.  The null 
hypothesis (Ho) is tested using the ratio of the two variances (Hinkle et al. 2003).  
4.4.1 Infiltration Rate by Location  
To compare the variance between and within the infiltration test locations and to test 
the significance of infiltration rate based on test locations, at the Athletics Facility Center 
parking area, One Way Analysis of Variance (ANOVA) was conducted using a confidence 
level of 95% (significance level of {α} = 0.05). Table 4.6 shows the summary for the 
Athletics Facility Center pervious concrete infiltration rates (Refer to Table 4.2). 
 
Table 4.6:  One-way ANOVA Result for the Athletics Facility Center Pervious Concrete 
Infiltration Rates  
 
Source Sum of Squares df Mean Square F Sig. 
Between Groups 1984728734.97 5 396945746.99 27.960 0.000 
Within Groups 354925563.87 25 14197022.55     
Total 2339654298.84 30       
 
In the one-way ANOVA summary table, the first two columns show the source of the 
variance and sum of squares within and between the groups. df is the degree of freedom 
between and within the group. The null hypothesis is tested using the ratio of the mean 
square between groups (MSB) and within groups (MSW).  The probability of the null 
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hypothesis occurring tested based on the last column of the ANOVA summary table (Sig. or 
p) (Hinkle et al. 2003). If the significance level value (p) is less than the alpha level (α), that 
shows the significance of the dependent variable based on the independent variables.  
The ANOVA results, from the analysis of infiltration rates based on test locations, 
showed that statistically there is significant difference in the infiltration rates based on the 
test locations on the Athletics Facility Center parking areas. The significance level was p = 
0.000, which is less than 0.05 (α).  In addition, in the post hoc test, a pairwise comparison 
was done for the Athletics Facility Center parking area. A post hoc test is designed to 
compare all different combinations of test groups, in this case infiltration test locations. The 
post hoc comparison also shows where the significance is highest. For instance, for the 
Athletics Facility Center pervious concrete the highest significance levels occurred at test 
locations 3 and 4 (see in Appendix C-2). Therefore, even if the pavements were constructed 
at the same time, the infiltration rates can be different from location to location. The 
possible reasons for this difference are (1) difference in the mix and different installation 
procedures, (2) the traffic load of the area, and (3) the location of the pavement, for 
example, a location downstream and receiving more run-on and runoff from the 
surrounding area. These factors can contribute to low infiltration rate of the pavement.  
For the Law School parking area, nonparametric Kruskal-Wallis test was conducted 
using significance level of {α} = 0.05. Table 4.7 shows the summary result for the Law 
School pervious concrete infiltration rates (Refer to Table 4.1). The result showed that 
statistically there is no significant difference in the infiltration rates based on the test 
locations on the Law School parking areas. The significance level was p = 0.150, which is 
greater than 0.05 (α).   
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Table 4.7:  Kruskal-Wallis Hypothesis Test Result for Law School Infiltration Rate  
 
Null Hypothesis  Test  Sig. Decision 
The distribution of infiltration rate 
is the same across categories of 
location 
Independent samples 
Kruskal Wallis test 
0.150 
Retain the 
null 
hypothesis 
4.4.2 Volume of Runoff by Pervious Concrete Area Coverage 
Based on the One-way ANOVA analysis conducted for the runoff percentage based 
on pervious concrete area coverage, the result showed that there is no significant 
difference on the volume of runoff among the 5 scenarios (p=0.449) (Table 4.8). 
Table 4.8: One-way ANOVA Result for the Runoff Based on PC Area Coverage 
 
Source 
Sum of 
Squares df 
Mean 
Square F Sig. 
Between Groups 669.30 4 167.33 0.944 0.449 
Within Groups 7092.40 40 177.31     
Total 7761.71 44       
 
4.4.3 Volume of Runoff by Infiltration Rate 
The effect of infiltration rate on the volume of runoff was tested with Kruskal-Wallis 
One-way ANOVA. Based on the  Kruskal-Wallis hypothesis summary result, statistically 
there is a significant difference in the volume of runoff due to different infiltration rates, 
with a significance level of p=0.001, as shown in Table 4.9. 
 Table 4.9:  Kruskal-Wallis Hypothesis Test Result for Runoff based on Infiltration 
Rate  
 
Null Hypothesis  Test  Sig. Decision 
The distribution of runoff is 
the same across categories 
of infiltration 
Independent 
samples Kruskal-
Wallis test 
0.001 
Reject the 
null 
hypothesis 
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However, based on the result from the post hoc multiple comparisons, the 
significance level for volume of runoff from the 45 mm/hr infiltration rate was higher than 
from the 12,800 mm/hr and 25,600 mm/hr infiltration rates (p = 0.001). Statistically, there 
is no significant difference between the 12,800 mm/hr and the 25,000 mm/hr infiltration 
rates (p = 0.999) (Table 4.10).  
Table 4.10: Post Hoc Multiple Comparisons of runoff by Infiltration Rate  
Multiple Comparisons 
Dependent Variable: Runoff           
Method: Tukey HSD           
Infiltration (1) Infiltration (2) 
Mean 
Difference 
Std. 
Error 
Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
45mm/hr 12,800 mm/hr  15.995* 4.056 0.001 6.141 25.85 
  25,600 mm/hr 16.121* 4.056 0.001 6.267 25.976 
12,800 mm/hr  45mm/hr -15.995* 4.056 0.001 -25.85 -6.141 
  25,600 mm/hr 0.126 4.056 0.999 -9.729 9.981 
25,600 mm/hr 45mm/hr -16.121* 4.056 0.001 -25.98 -6.267 
  12,800 mm.hr  -0.126 4.056 0.999 -9.981 9.729 
* The mean difference is significant at the 0.05 level. 
 
This result led to the assumption that an excessively high infiltration is not required; 
but there is a specific infiltration rate at which the pavement performs adequately for 
different storms. Additional analysis was conducted to determine the minimum amount of 
infiltration rate required to reduce the same volume of runoff as the 12,800 mm/hr and 
25,000 mm/hr infiltration rates. The analysis was performed by inputting different 
infiltration rates between 45 mm/hr and 12,800 mm/hr in the modeling software. The 
result showed that the required infiltration rate is different for each storm. The minimum 
infiltration rate, required for the 3 in/1 hr storm is 240 mm/hr, for the design storm 180 
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mm/hr, and for the 8.2 in/4 hr storm 280 mm/hr. Based on this result, the Law School 
pervious concrete pavement should maintain an infiltration rate of at least 280 mm/hr to 
handle the three storms. The infiltration rate of pervious concrete should be designed 
based on the type of storms that the area experiences most of the time.  
4.4.4 Volume of Runoff by Storm Type 
The runoff volume was significantly different from storm to storm. The Kruskal-
Wallis test result showed a significant difference in volume of runoff based on storm type 
(p =0.000).  
Table 4.11:  Kruskal-Wallis Hypothesis Test Result for Runoff based on Storm 
 
Null Hypothesis  Test  Sig. Decision 
The distribution of runoff is 
the same across categories of 
storm 
Independent 
samples Kruskal-
Wallis test 
0.000 
Reject the 
null 
hypothesis 
 
Based on the post hoc comparison, the storm of June 02, 2014 has a significant 
difference from the other two storm types, as shown in Table 4.12. 
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Table 4.12: Post Hoc Multiple Comparisons of Runoff Based on Storm Type 
Multiple Comparisons 
Dependent Variable: Runoff           
Method: Tukey HSD           
Storm (1) Storm (2) 
Mean 
Difference 
Std. 
Error 
Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
76-mm/1-hr Design Storm 12.455* 3.256 .001 4.543 20.366 
209-mm/4-hr  -17.397* 3.256 .000 -25.308 -9.487 
Design Storm 76-mm/1-hr -12.455* 3.256 .001 -20.366 -4.544 
209-mm/4-hr -29.852* 3.256 .000 -37.763 -21.941 
209-mm/4-hr 76-mm/1-hr 17.397* 3.256 .000 9.487 25.308 
Design Storm -17.397* 3.256 .000 21.941 37.763 
* The mean difference is significant at the 0.05 level. 
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4.5 Sources of Errors  
Errors associated with this research include: 
 During the infiltration rate test, plumber’s putty was applied on the bottom edge 
of the infiltration ring, covering part of the area of the pervious concrete inside 
the ring. This affects the infiltration rate calculation. Due to the radius of the ring 
being one of the denominators in the infiltration rate formula, this error can 
result in a lower infiltration rate than the actual infiltration rate of the pavement.  
 During the infiltration rate tests at the Athletics Facility Center, 18 kg of water 
was used for 4 test locations, and keeping the water between the two marked 
lines was a little bit difficult (not accurate constant flow). This can give an 
inaccurate elapsed time during the tests and underestimate the actual infiltration 
rate of the pavement. 
 In some infiltration rate test locations, only the pre-wetting stage was done. In 
those cases infiltration rate was estimated based on the pre-wetting stage. One 
study (Brown and Borst 2014) states that this estimation is acceptable. 
 Because it was not possible to get every input property from the field, some of the 
input properties for SWMM modeling were determined from the SWMM user’s 
manual and literatures review. This can affect the simulation results.   
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5 CONCLUSIONS  
The main objective of this research was to assess the performance of pervious 
concrete pavement as a storm water management tool. This included in-place infiltration 
rate measurements and modeling pervious concrete with SWMM, for different storms, 
infiltration rates, and pervious concrete area coverage. In this section, conclusions and 
recommendations from this study and for future work are presented.  
5.1 Infiltration Rate for Pervious Concrete  
Based on the infiltration rate tests and modeling results conducted on a four-year 
old and a newly constructed pervious concrete pavement:  
 The infiltration rate of the University of Mississippi Law School pervious 
concrete pavement was found to be 55 mm/hr on average.  This indicates 
that the pavement does not have the desired infiltration rate, which is a 
minimum of 280 mm/hr specifically for the study area as determined in this 
research, and therefore is not performing as planned.  
 The newly constructed pervious concrete pavements, with a thickness of 8 
inches of pervious concrete layer and 8 inches of sub-base layer, has an 
infiltration rate ranging from 340 mm/hr to 25,600 mm/hr. There is no 
uniform infiltration rate throughout pervious concrete pavements even if 
they are constructed at the same time. 
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 There is a significant difference between the infiltration rate of the Law 
School and Athletics Facility Center pervious concrete pavements and there 
are four years difference between the constructions these pavements. Also, 
there is evidence that the infiltration rate of the Law School pervious 
concrete pavement decreased from 2014 to 2015. Therefore, infiltration rate 
of a pervious concrete pavement reduces with age. To maintain the designed 
infiltration rate of the pavement and to decide how frequently maintenance 
is needed, the pavement should be inspected regularly.  
It is recommended that during the design of pervious concrete pavements, the 
underlying soil type should be considered. For instance, if the soil grain size or the capacity 
of the soil to hold water is small, increasing the sub-base thickness may increase the total 
storage capacity of the pervious concrete system. If the soil grain size is large, a minimum 
sub-base thickness can be used which will be more cost-effective.   
5.2 SWMM Modeling 
45 simulations were done with different scenarios and the results were compared to 
each other. The SWMM modeling results showed that:    
 Pervious concrete pavement is 25% more efficient for a low intensity, long 
duration storm than for a high intensity, short duration storm.  
 To reduce the volume of runoff produced from different storms, maintaining 
a high infiltration rate of the pervious concrete pavements is recommended, 
rather than designing a larger area of pervious concrete pavement.  
Increasing the area of pervious concrete coverage by 30% reduces the 
volume of runoff by 21% to 45% based on the storm type. However, the same 
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volume of runoff can be reduced by maintaining the desired infiltration rate 
of the pervious concrete pavement.  
 Based on the SWMM simulation results, if the pavement has an infiltration 
rate of 280 mm/hr instead of 45 mm/hr, it can reduce the peak runoff flow 
by 20%, on average, depending on the storm type and the storm distribution. 
 To handle a high intensity, short duration storm, more pervious concrete 
area is required than to handle a low intensity, long duration storm. The 
design of the most effective area should depend on the most expected storm 
type.    
 While recommendations of pervious concrete infiltration rates range from 
5,000 mm/hr to 40,000 mm/hr, based on this study’s results, a specific 
infiltration rate of 280 mm/hr can handle different types of storms 
effectively.  
 In future experiments, conducting continuous infiltration rate tests and cleaning 
pervious concrete pavement regularly,  starting immediately after construction, will be 
beneficiary to determine how often maintenance is required . 
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Infiltration Rate Sample Calculation 
1. The Law School Pervious Concrete Parking Space 9, Test 1   
The infiltration rate was calculated based on the following equation methods document. 
   =

∗
  
Known variables:  
D = Inside Diameter of infiltration ring = 304.8 mm  
k = 4,583,666,000 mm3.s/kg.h 
Measured variables during the test:  
M= Mass of infiltrated water = 3.6 kg 
t = Time required for measured amount of water to infiltrate the concrete = 5906.35 s 
Required Variable: 
I = Infiltration rate, mm/hr   
Calculation:        I =  
*+
,-∗.
 
  I =  
 4,583,666,000mm3. s"/ kg. h"  ∗ 3.6 =
304.8mm"> ∗ 5906.3 s
 
              I =   30.07 mm/hr 
 
2. The Ole miss Athletics  Performance Center Pervious Concrete Parking Space 153, 
Test 2   
The infiltration rate was calculated based on the following equation methods document. 
   =

∗
  
Known variables:  
D = Inside Diameter of infiltration ring = 304.8 mm  
k = 4,583,666,000 mm3.s/kg.h 
Measured variables during the test:  
M= Mass of infiltrated water = 18 kg 
t = Time required for measured amount of water to infiltrate the concrete = 40.1 s 
Required Variable: 
I = Infiltration rate, mm/hr   
Calculation:        I =  
*+
,-∗.
 
  I =  
 4,583,666,000mm3. s"/ kg. h"  ∗ 18 =
304.8mm"> ∗ 40.1 s
 
              I =   22,136 mm/hr 
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Identification 
number Location 
Time  elapsed 
during 
prewetting  
(s)
Weight of 
infiltrated 
water       
(kg)
Time 
Elapsed 
during 
infiltration 
test (s)
Infiltratio
n rate  
(mm/hr)
Number of 
test 
performed 
at each 
location
Air 
temperatu
re (
0
C)
1 Parking space 88 40.55 3.6 16.4 10,830 1 24
2 Parking space 92 13.98 18 53.1 16,731 1 25
3 Parking space 28 122.46 3.6 155.8 1,140 1 25
4 Parking space 34 81.79 3.6 93.0 1,909 1 29
5 Parking space 153 11.73 18 54.0 16,443 1 29
Infiltration Rate Test Result for the Olemiss Athletics Performance center Pervious Concrete Parking Area 
Test number: 1
Date of test : June 20, 2014
Date of last Rain: June 13, 2014
Amount of rain during last event: 6.35 mm
Inside diameter of infiltration ring: 304.8 mm
Identification 
number Location 
Time  elapsed 
during 
prewetting  (s)
Weight of 
infiltrated 
water       
(kg)
Time Elapsed 
during 
infiltration 
test (s)
Infiltration 
rate  
(mm/hr)
Number of 
test 
performed 
at each 
location
Air 
temperature 
(
0
C)
1 Parking space 88 26.09 18 89.42 9,932 1 21
2 Parking space 92 12.18 18 55.46 16,013 1 21
3 Parking space 28 - - - - - -
4 Parking space 34 - - - - - -
5 Parking space 153 11.64 18 40.12 22,136 1 22
6 Parking space 30 13.41 18 59.90 14,826 1 23
Inside diameter of infiltration ring: 304.8 mm
Test number: 2
Date of test : July 25, 2014
Date of last Rain: July 18, 2014
Amount of rain during last event: 5.3mm
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Identification 
number Location 
Time  
elapsed 
during 
prewetting  
(s)
Weight of 
infiltrated 
water       
(kg)
Time 
Elapsed 
during 
infiltration 
test (s)
Infiltratio
n rate  
(mm/hr)
Number of 
test 
performed 
at each 
location
Air 
temperature 
(
0
C)
1 Parking space 88 9.64 18 36.1 24,614 1 26
2 Parking space 92 12 18 52.7 16,849 1 24
3 Parking space 28 132.49 3.6 164.4 1,080 1 31
4 Parking space 34 129.94 3.6 142.7 1,245 1 29
5 Parking space 153 8.87 18 41.8 21,261 1 27
6 Parking space 30 12.22 18 59.7 14,871 1 26
Infiltration Rate Test Result for the Olemiss Athletics Performance Center Pervious Concrete Parking Area 
Test number: 3
Date of test : August 21, 2014 and August 22, 2014
Date of last Rain: August 18 , 2014
Amount of rain during last event: 7.62 mm
Inside diameter of infiltration ring: 304.8 mm
Identification 
number Location 
Time  
elapsed 
during 
prewetting  
(s)
Weight of 
infiltrated 
water       
(kg)
Time 
Elapsed 
during 
infiltration 
test (s)
Infiltration 
rate  
(mm/hr)
Number of 
test 
performed 
at each 
location
Air 
temperature 
(
0
C)
1 Parking space 88 9.04 18 39.2 22,667 1 27
2 Parking space 92 6.81 18 52.7 16,849 1 27
3 Parking space 28 - - - - - -
4 Parking space 34 203.07 3.6 312.9 568 1 27
5 Parking space 153 10.37 18 44.8 19,828 1 27
6 Parking space 30 14.78 18 63.9 13,898 1 27
Infiltration Rate Test Result for Pervious Concrete Pavement 
Test number: 4
Date of test : October 07, 2014 
Date of last Rain: 
Amount of rain during last event: 
Inside diameter of infiltration ring: 304.8 mm
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Identification 
number Location 
Time  
elapsed 
during 
prewetting  
(s)
Weight of 
infiltrated 
water       
(kg)
Time 
Elapsed 
during 
infiltration 
test (s)
Infiltration 
rate  
(mm/hr)
Number of 
test 
performed 
at each 
location
Air 
temperature 
(
0
C)
1 Parking space 88 7.78 18 34.7 25,593 1 27
2 Parking space 92 10.89 18 55.5 15,993 1 27
3 Parking space 28 192.55 3.6 228.2 778 1 27
4 Parking space 34 299.9 3.6 412.7 430 1 27
5 Parking space 153 9.4 18 38.8 22,901 1 27
6 Parking space 30 23.13
a
- - - - 27
a)only pre-wetting test was done
Infiltration Rate Test Result for Pervious Concrete Pavement 
Test number: 5
Date of test : November 09 , 2014
Date of last Rain:                            
Amount of rain during last event: 
Inside diameter of infiltration ring: 304.8 mm
Identification 
number Location 
Time  
elapsed 
during 
prewetting  
(s)
Weight of 
infiltrated 
water       
(kg)
Time 
Elapsed 
during 
infiltration 
test (s)
Infiltration 
rate  
(mm/hr)
Number of 
test 
performed 
at each 
location
Air 
temperature 
(
0
C)
1 Parking space 88 8.71 18 35.6 24,932 1 8
2 Parking space 92 9.26 18 53.4 16,637 1 9
3 Parking space 28 145.32a 3.6 160.0 1,110 1 9
4 Parking space 34 426.06 3.6 522.2 340 1 10
5 Parking space 153 10.63 18 44.6 19,912 1 9
6 Parking space 30 25.63 18 151.4 5,865 1 10
a) Excess leakage was observed, which indicates that all of the water (used during the test) did not infiltrate into the pavement. 
Infiltration Rate Test Result for Pervious Concrete Pavement 
Test number: 6
Date of test : December 20, 2014 
Date of last Rain: 
Amount of rain during last event:
Inside diameter of infiltration ring: 304.8 mm
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A-4: Sieve Analysis Results 
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Location: Athletics Facility Center Parking Space 30
Mass of Container (g) :      213.5
Mass of Oven-dry soil (g) :  719.5
Sieve Opening Retained + Container Mass Retained
mm g g
4 4.75 213.5 0.0 0.0 0.0 100.0
18 1 367.5 154.0 21.4 21.4 78.6
25 0.71 241.0 27.5 3.8 25.2 74.8
40 0.425 277.0 63.5 8.8 34.1 65.9
60 0.25 397.5 184.0 25.6 59.7 40.3
140 0.106 358.0 144.5 20.1 79.8 20.2
200 0.075 229.5 16.0 2.2 82.0 18.0
Pan 343 129.5 18.0 100.0 0.0
Σ 719.0
Gravel 0.0% Mass loss during sieve analysis = (719.5-719)/719.5
Sand 82.0% Loamy Sand  = 0.07% <2%
Clay + Silt 18.0%
Sieve No. % Retained Cum. % Retained % Finer
Location: Athletics Facility Center Parking Space 92
Mass of Container (g) :      213.5
Mass of Oven-dry soil (g) :  769.5
Sieve Opening Retained + Container Mass Retained
mm g g
4 4.75 284.0 70.5 9.2 9.2 90.8
18 1 369.5 156.0 20.3 29.5 70.5
25 0.71 260.5 47.0 6.1 35.7 64.3
40 0.425 315.0 101.5 13.2 48.9 51.1
60 0.25 379.0 165.5 21.6 70.5 29.5
140 0.106 321.5 108.0 14.1 84.6 15.4
200 0.075 228.5 15.0 2.0 86.5 13.5
Pan 317 103.5 13.5 100.0 0.0
Σ 767.0
Gravel 9.2% Mass loss during sieve analysis = (769.5-767)/769.5
Sand 77.3%  = 0.33% <2%
Clay + Silt 13.5% Loamy Sand
Sieve No. % Retained Cum. % Retained % Finer
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Location: Law School Parking Space 9
Mass of Container (g) :      213.5
Mass of Oven-dry soil (g) :  478.2
Sieve Opening Retained + Container Mass Retained
mm g g
4 4.75 230.5 17.0 3.6 3.6 96.4
18 1 303.5 90.0 18.9 22.5 77.5
25 0.71 254.0 40.5 8.5 31.1 68.9
40 0.425 263.5 50.0 10.5 41.6 58.4
60 0.25 251.5 38.0 8.0 49.6 50.4
140 0.106 247.5 34.0 7.2 56.7 43.3
200 0.075 221.0 7.5 1.6 58.3 41.7
Pan 411.5 198.0 41.7 100.0 0.0
Σ 475.0
Gravel 3.6% Mass loss during sieve analysis = (478.2-475)/478.2
Sand 54.7%  = 0.67% <2%
Clay + Silt 41.7% Sandy Clay
Sieve No. % Retained Cum. % Retained % Finer
Location: Law School Parking Space 2
Mass of Container (g) :      213.5
Mass of Oven-dry soil (g) :  239.0
Sieve Opening Retained + Container Mass Retained
mm g g
4 4.75 224.5 11.0 4.6 4.6 95.4
18 1 258.5 45.0 19.0 23.6 76.4
25 0.71 234.0 20.5 8.6 32.3 67.7
40 0.425 238.5 25.0 10.5 42.8 57.2
60 0.25 232.5 19.0 8.0 50.8 49.2
140 0.106 230.5 17.0 7.2 58.0 42.0
200 0.075 217.0 3.5 1.5 59.5 40.5
Pan 309.5 96.0 40.5 100.0 0.0
Σ 237.0
Gravel 4.6% Mass loss during sieve analysis = (239-237)/239
Sand 54.9%  = 0.84% <2%
Clay + Silt 40.5% Sandy Clay
Sieve No. % Retained Cum. % Retained % Finer
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APPENDIX B: SWMM MODELING 
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B-1: Storm Data   
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Commulative 
depth for            
1 in/24-hr 
storm            
(in) 
Commulative 
depth for          
7 in/24-hr 
storm            
(in) 
Commulative 
depth for          
7 in/24-hr 
storm            
(mm) 
0 0 0 0.00
2.0 0.022 0.154 3.91
4.0 0.048 0.336 8.53
6.0 0.080 0.560 14.22
7.0 0.098 0.686 17.42
8.0 0.120 0.84 21.34
8.5 0.133 0.931 23.65
9.0 0.147 1.029 26.14
9.5 0.163 1.141 28.98
9.75 0.172 1.204 30.58
10.0 0.181 1.267 32.18
10.5 0.204 1.428 36.27
11.0 0.235 1.645 41.78
11.5 0.283 1.981 50.32
11.75 0.357 2.499 63.47
12.0 0.663 4.641 117.88
12.5 0.735 5.145 130.68
13.0 0.772 5.404 137.26
13.5 0.799 5.593 142.06
14.0 0.82 5.74 145.80
16.0 0.88 6.16 156.46
20.0 0.952 6.664 169.27
24.0 1 7 177.80
Hour (hr)
24-hour storm
Type II
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B-2: SWMM Input Properties 
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C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8
Inlet Node JU1 JU2 JU3 JU4 JU5 JU6 JU7 JU8
Outlet Node JU2 JU3 JU5 JU5 JU7 JU7 JU8 OutFlow1
Shape Circular Circular Circular Circular Circular Circular Circular Circular
Max.Depth (m) 0.457 0.457 0.457 0.457 0.457 0.457 0.457 0.457
Length (m) 8.573 25.716 56.198 26.670 47.625 12.375 14.288 9.525
Roughness 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
Inlet Offset (m) 0 0 0 0 0 0 0 0
Outlet Offset (m) 0.03 0.03 0.03 0.03 0.03 0.35 0.03 0.03
Initial Flow 0 0 0 0 0 0 0 0
Property 
Conduits
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B-3: SWMM Simulation Results 
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APPENDIX C: STATISTICAL ANALYSIS 
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C-1: Normality Test  
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C-2: One Way ANOVA Post Hoc Comparison  
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